To determine the association between measures of medical manpower available to treat trauma patients and county trauma death rates in the United States. The primary hypothesis was that greater availability of medical manpower to treat trauma injury would be associated with lower trauma death rates.
Objective
To determine the association between measures of medical manpower available to treat trauma patients and county trauma death rates in the United States. The primary hypothesis was that greater availability of medical manpower to treat trauma injury would be associated with lower trauma death rates.
Summary Background Data
When viewed from the standpoint of the number of productive years of life lost, trauma has a greater effect on health care and lost productivity in the United States than any disease. Allocation of health care manpower to treat injuries seems logical, but studies have not been done to determine its efficacy. The effect of medical manpower and hospital resource allocation on the outcome of injury in the United States has not been fully explored or adequately evaluated.
Methods
Data on trauma deaths in the United States were obtained from the National Center for Health Statistics. Data on the number of surgeons and emergency medicine physicians were obtained from the American Hospital Association and the American Medical Association. Data on physicians who have participated in the American College of Surgeons (ACS) Advanced Trauma Life Support Course (ATLS) were obtained from the ACS. Membership information for the American Association for Surgery of Trauma (AAST) was obtained from that organization. Demographic data were obtained from the United States Census Bureau. Multivariate stepwise linear regression and cluster analysis were used to model the county trauma death rates in the United States. The Statistical Analysis System (Cary, NC) for statistical analysis was used.
Results
Bivariate and multivariate analyses showed that a variety of medical manpower measures and demographic factors were associated with county trauma death rates in the United States. As in other studies, measures of low population density and high levels of poverty were found to be strongly associated with increased trauma death rates. After accounting for these variables, using multivariate analysis and cluster analysis, an increase in the following medical manpower 548 Rutledge and Others measures were associated with decreased county trauma death rates: number of board-certified general surgeons, number of board-certified emergency medicine physicians, number of AAST members, and number of ATLS-trained physicians.
Conclusions
This study confirms previous work that showed a strong relation among measures of poverty, rural setting, and increased county trauma death rates. It also found that counties with more board-certified surgeons per capita and with more surgeons with an increased interest (AAST membership) or increased training (ATLS) in trauma care have lower per-capita trauma death rates. These findings are consistent with the hypothesis that physicians with increased interest and training in trauma care decrease the devastating toll of injury in the United States.
Trauma is devastating in the United States. An estimated 58 million persons were injured in 1989, yielding an overall rate of 223 injured persons per 1,000 population.' Each year, trauma accounts for 140,000 deaths, with three disabling injuries for each death. The yearly total costs of injury' are $177.2 billion. In addition, hospitalization charges for injury are substantially greater than the average charges for hospital admission ($12,000 compared with $5,000). A variety of interventions have been suggested as possible means to lessen the effect of injury in the United States.2 These approaches include prevention programs, the development of trauma centers and regionalized trauma systems, and support for physician manpower committed to trauma care. Unfortunately few data exist that allow health care professionals to determine the relative value ofthese interventions.
Increased skill in recognizing and managing injuries should lead to better outcomes for injured patients based on a decrease in errors in management and a decrease in preventable deaths that occur.3 Health manpower resources must be available to manage the acute care ofthe injured patient. Conversely, the absence of adequately trained health care professionals might be associated with worse outcomes after injury. Although it would seem reasonable to assume that the characteristics and level of training of the health care team would affect the outcome of injury (that is the availability of more and better trained physicians to treat injured patients might improve survival rates and decrease complications), in today's changing health care system we must prove the benefits of the use of costly health care resources. If substantial benefit can be realized, further study of more effective distribution of manpower resources can begin.
Unfortunately few data describe or analyze the distribution of medical manpower available to treat injured patients in the United States. Thus the optimal location and distribution ofmanpower for the treatment ofinjury is unknown.
Given the absence of definitive proof of the effect of allocating manpower resources to treat injured patients, the purpose of this study was to assess the association between several measures of medical manpower and county death rates in the United States. Conclusions of this study must be tempered by the limitations of available data sources. However such a study might be useful in developing a methodology to address these questions and describing and quantifying the necessary resources required for optimal care ofinjured patients.
METHODS

Study Plan
Our primary hypothesis for this study was that the availability of properly trained physician manpower would be associated with improved outcome after injury. The independent variables in the analyses were a variety of measures of medical manpower, including the numbers of physicians, surgeons, emergency medicine physicians, Advanced Trauma Life Support (ATLS)-trained physicians, and American Association for Surgery of Trauma (AAST) members. The dependent variable was the per-capita trauma death rate in the counties of the United States. We tried to develop a linear model that would predict the change in the county trauma death rate using the candidate independent variables. Many problems are associated with such a modeling procedure, and many of them are addressed below. Many other factors besides medical manpower were shown to be associated with the outcome of injury (poverty, race, and rurality for example), and the analysis plan was designed to account for these factors. 4 The dependent variable used in this study was the number of trauma deaths (excluding poisoning and drowning) that occurred in each county in the United States during 1988, the last year for which data were available for this study. Because ofthe different sizes and populations of counties, a per-capita county trauma death rate was calculated for each county (number of trauma deaths divided by the population of the county). The per-capita county trauma death rates from the 3,080 counties in the United States were analyzed using counties as the unit of analysis for the following reasons: (1) comparability, because many of the available data sources group information by county; (2) localization of the effect because we expected that the effect of a physician would be felt geographically at the county level; and (3) zip code areas seemed too small and states too large for an effect to be measured.
Independent Variables
As described above, several other factors are associated with county trauma death rates besides the physician resources in the county. These other covariables were identified and controlled for as much as possible. Several studies identified the association of demographic factors such as the rural/urban mixture of the county, racial composition, and poverty with trauma death rates. To control for these factors, these covariables were analyzed as part of a multivariate model.
There were two groups of independent variables studied in this analysis. The first group included the measures ofmedical manpower, and the second included the nonmanpower measures identified as possible important covariables in the study, including demographic factors and other medical system factors, as depicted in Table 1 .
Measures of Medical Manpower
Several measures of county physician resources and training in the United States were available for analysis, but they were limited because they did not identify the amount of physician time committed to or level of expertise in trauma care. However they did represent numbers of physicians trained in specialties that included trauma as a required part of the curriculum, and academic and professional interests in trauma care. The measures included the number of all types of physicians in each county, the number of board-certified general surgeons in each county, the number ofemergency medicine physicians in each county, the number and type of ATLS students from a sample of all ATLS students, and the membership list ofthe AAST.
Demographic Factors
Although our primary interest in this study was determining the association between measures of medical manpower and trauma deaths, the importance of other factors could not be ignored because they have a strong association with trauma death rates. Studies by Baker,4 our group,5-9 and others showed a strong association between a constellation ofdemographic factors and county per-capita trauma death rates. Therefore we quantified and controlled for these other factors in the modeling process that are associated with changes in trauma death rates. Attention to the effects of these covariables is necessary because simple bivariate analysis may be misleading; therefore we included the demographic factors that have been shown to be associated with trauma death rates in the analysis.5i9 These In 1985 the ACS created a data base of the students trained in ATLS including their location and specialty.
This was the data source for the ATLS-trained persons in each county for this study. Although the data base is incomplete, we thought it would be reliable as a sample of all ATLS-trained physicians. We obtained independent variables from the ATLS data base by calculating the number of students, general surgeons, and emergency physicians in each county who had completed the course. We calculated a per-capita rate for these values for each county by dividing the number of ATLS participants by the population and multiplying this number by 100,000. We used each of these variables as candidate variables for the analysis. American Association for the Surgery of Trauma Members
The AAST is an academic professional organization of surgeons who are committed to trauma care. Membership requirements include demonstrated clinical and organizational involvement in trauma care and research. General surgeons account for most members, but many orthopedic surgeons, neurosurgeons, plastic surgeons, and other surgical specialists are members. We used the professional addresses provided by the secretary-treasurer's office to determine their county of practice.
Statistical Analysis
Univariate and bivariate analyses were performed to describe the distribution of the candidate variables for the study. Correlation analyses were performed to determine the association between the independent variables and the per-capita county trauma death rates and to identify internal correlations among candidate variables that would have an effect on the multiple regression analyses. We selected those variables that were identified by bivariate methods as having strong predictive power for further testing using multivariate analysis. We used stepwise and backward selection analyses to create a model oftrauma deaths in the counties.
Because of the potential effect of demographic factors on trauma deaths and the possibility that the effects described by the model might only be confounded, we re- peated regression analyses after forcing the best demographic predictors into the model. We used this approach to address the fact that counties with more medical manpower resources (such as surgeons or AT-LS-trained surgeons) may have higher population densities (that is, the medical manpower factors might only be markers for other factors that are the true effectors changing county trauma death rates). Then we determined whether medical manpower factors are independently associated with trauma death rates.
To control further for the effect ofdemographic factors on outcome, we performed a cluster analysis (SAS PROC FASTCLUS; SAS, Cary, NC) to separate counties into four more homogenous groups using the demographic factors most strongly associated with trauma death rates.'0-18 we repeated the multivariate regression analyses on each separate cluster of counties. Bivariate analyses showed that the log of the population density, the mean personal income, and the percentage of the county population that was black were the strongest demographic factors associated with trauma death rates. We used these factors in the cluster analysis to create four new groups ofmore homogeneous counties, and we used these subgroups in the subsequent multivariate analyses. We used the SAS PROC FASTCLUS procedure, which is designed to work with large data sets, to create disjoint clusters of the counties. We performed a disjoint cluster analysis on the basis of Euclidean distances computed from the three quantitative variables (the percentage of the county that was black, the mean personal income of the county, and the log of the population density of the county). We divided the counties into clusters such that every observation belonged to only one cluster.
We used the SAS system for statistical analysis for all statistical analyses. PROC FASTCLUS was created from direct inspiration from other work in cluster analy- base, with an average of 689 deaths per county (Fig. 1 Figure 2 . Comparisons of total per-capita trauma death rates and percapita trauma death rates are shown in Figure 3 . Table 1 shows the distribution of the independent and dependent variables used in the study. For our study, the U.S. population at risk was 245,802,900, with an average population of 79,806 ± 261,000 per county, ranging from 100 to 8.6 million. Previous work by Baker4 showed a strong relation between county rurality (population density) and trauma death rates. In addition to population density, we calculated the log of population density because bivariate analyses has shown a better correlation between this derived variable and trauma death rates than raw population density. Other research found a re- Figure 11 . Association of number of ATLS-trained general surgeons and county per-capita trauma death rates. death rates. The presence ofa hospital and the number of hospitals in the county were both associated with lower trauma death rates. All of the measures of medical manpower were inversely related to per-capita trauma death
rates.
Although this analysis shows an association of multiple variables with trauma death rates, this may be due to the considerable overlap among these variables (that is, they were covariables). Because the utility of bivariate analysis may be limited, multivariate regression analysis was used to study the relation between medical manpower resources and trauma death.
Multivariate Analysis of the Entire Data Set
The SAS linear regression procedures were used to create a model of trauma death rates in the U.S. counties. The results of the stepwise linear regression analysis are presented in Table 3 . As shown, the first variables we selected for the model were the demographic factors that held the greatest predictive power (the log ofthe popula- # of AAST Members 11,000,000 pop. Figure 13 . Association of number of AAST members and county percapita trauma death rates. tion density, the mean personal income in the county, the unemployment rate, and the percentage ofthe population that was black). After these variables, six measures of medical resources were included (numbers of hospitals, physicians, surgeons, emergency medicine physicians, ATLS students, and AAST members). Although the regression modeling program had access to the absolute numbers of general surgeons, physicians, and emergency physicians, the best predictors were the per-capita measures of these resources. No measure of the number or presence of a hospital in a county contributed to the predictive power ofthe model.
Although the results of these analyses are interesting, the strong effect ofthe demographic factors is a concern, as is the low overall regression coefficient of0. 1 15 for the model. Therefore the next step in the plan ofanalysis was to use cluster analysis to create subgroups that were more homogeneous than the entire group.
Cluster Analysis
Preliminary analyses in this and other studies showed a strong association between several demographic factors and trauma death rates.37 To stratify the counties in America to allow better control of these demographic factors, we subjected counties to a cluster analysis to divide them into more homogeneous groups and to allow us to make clearer conclusions about the association of the measures of medical manpower with trauma death rates. Based on the bivariate analysis, we used three variables (percentage of unemployment, log of population density, and percentage of the county population that was black) to develop the clusters of counties for subsequent analyses. Tables 4 through 7 ied, with a regression coefficient of 0.33. As in the other models, the first four variables selected for inclusion in the model were measures of county demographics (log population density, population density, unemployment, and percentage black). After these variables, the presence of a hospital; the numbers of physicians, emergency medical physicians, and ATLS trained emergency physicians; and AAST membership contributed substantially to the predictive power of the model.
DISCUSSION
Only been in the past several years has trauma been recognized for its importance as a public health problem.
Since the call to action by "Injury in America,"'9 the focus in society on the problem of trauma as increased steadily, and the need to improve the prevention and treatment of injured patients was recognized. Based on several studies, often limited in scope and focusing primarily on urban areas, recommendations were made to try to reverse the detrimental effect of injury on American society.
These suggestions have run the gamut from prevention (seat belts, gun control, and smoke detectors for example) to highly technical therapeutic approaches, to interventions to decrease the late complications of injury (for example, helicopters or treating septic shock with monoclonal antibodies). No well-designed large scale study documents the costs and the expected benefits of these interventions. For many of these interventions, it is difficult to perform such studies for a variety ofethical, logistical, and financial reasons. Therefore health care planners have been forced to make decisions about the effect of health care strategies without clear data on the expected outcome of the implementation of such strategies. Despite major investments in health care resources, only limited evaluations were performed to assess the benefits of a variety of expensive and potentially risky interventions, such as aeromedical transport. A focus on evaluation of the effect of these interventions on outAnn. Surg. - come of injury will facilitate their selection in a costeffective manner.
A variety of factors are believed to affect the outcome of injury. These include the type of injury, the injury severity, the characteristics of the alert mechanisms in the county (emergency 91 1 systems,5 for example), the skill and experience of prehospital care provided,6 the use of military anti-shock trousers, the triage of patients and transport to the appropriate hospital early after injury, the immediate recognition and management of serious injury, the presence of a true trauma system, an active quality assurance and improvement program, and many other factors. One ofthe most important factors affecting the outcome of injury is thought to be availability of physicians skilled and experienced in the rapid assessment and treatment of injured patients.20-22 Because of the beliefin the importance ofphysician commitment to trauma care, the ACS and the ACS Committee on Trauma dedicated a substantial effort to promoting the ATLS course. The fundamental assumption of ATLS is that a well-trained physician can have a substantial positive effect on the survival and the morbidity of the injured patient by intervention in care early after injury. 23 Conversely it is assumed that in the absence of such skilled and available physicians, the outcome of the injured patient will be worse. To improve the available resources of physicians well trained in the immediate management of the seriously injured patient, the ACS and its Committee on Trauma spent countless volunteer hours to develop and refine the ATLS curriculum and to train students in the early management of the injured patient.
Although all of these references to the importance of the health care team and to special training and expertise in trauma seem reasonable, few data document these hypotheses and none measure the cost-benefit ratio for the members of the health care team. The following questions must be addressed: (1) Despite extensive efforts to use the best available data are unknown. Another problem is that an unrecognized sources and analytic techniques, this study was limited systematic bias may be present in the data base in that and its conclusions must be viewed as preliminary. Of persons in some counties may sustain more frequent and primary concern is the lack of an accurate, detailed, more severe injuries, leading to higher death rates unreavailable national data source on injury. As noted pre-lated to medical interventions. In fact, other studies sugviously, this lead the ACS, under the leadership of the gest that this is true, with more severe injuries occurring ACS Committee on Trauma, to make a large investment in rural counties.4 In addition, other factors, such as time in the development of a National Trauma Registry. In to discovery, character of prehospital care, and many the absence of such a data source, the information about variables for which no information was available in this the frequency and outcome of injury on a national scale study, cannot be controlled. To control for as many of is limited to the National Center for Health Statistics these variables as possible, we used several techniques, Death Certificate file. This data source, although valu-including multivariate analysis and evaluation of subable, has limitations for performing this kind of study. groups ofcounties separated by cluster analysis. Thus ru- 22 
CONCLUSIONS
The primary goal of this study was to assess the association between measures of medical manpower and the trauma death rate in the U.S. counties. Using a variety of techniques, we found that numbers of physicians, surgeons, and emergency physicians, and ATLS training and AAST membership were associated with lower rates oftrauma death. This is true in the bivariate analyses, the multivariate analyses ofthe entire nation, and in the analysis ofthe counties clustered by demographic factors.
There seems to be a consistent association between various measures of medical manpower and trauma death rates. But because of the multiple internal correlations, incompletely controlled for effects of demographic factors, and the limitations of the data themselves, no conclusions about a causative effect between these factors and trauma deaths can be made.
On the other hand, these findings are consistent with the hypothesis that manpower resources are important in affecting the outcome of injured patients, and this is the first study of its type to try to quantify that association. It raises the issue of the need for accurate population-based detailed data on injury and on the resources used to care for the injured patient. In fact, this study stands as a cogent argument for the development and support ofa national data source on injury as envisioned by the ACS.
This study confirms previous work showing the relations among poverty and rurality and increased county trauma death rates. It is the first study to County has a high number of injuries yet a low mortality rate. And here we have the lowest mortality rate, presumably because of some ofthe factors Dr. Meyer's is talking about. These West Texas counties are perhaps 40 miles wide and 30 miles tall, and in our region, because of these geographic distances, the county there in the western part of our region which is roughly a 100 miles away has a very high mortality rate. This distance is going to translate into increased mortality. Time is mortality in the severely injured patient. The authors have focused on surgical training to improve outcomes, and implementation ofthe other elements ofa trauma system should further decrease mortality.
DR. J. DAVID RICHARDSON (Louisville, Kentucky): It's an interesting study that examines the effects of various models in attempting to explain differences found between county death rates due to trauma in 3080 counties in the United States. And in that regard, it certainly is a monumental effort. A number of computer-based statistical tests were used, and I certainly would be intellectually dishonest if I imply in any way that I had any real expertise in some of this computer modeling. I think the paper is fairly complicated in that regard. If one asks me my opinion about death rates due to trauma as based on population, I would have suspected that it would have probably balanced out and that urban death rates due to increased violence might have counterbalanced the effects seen from blunt trauma and non-access to care. In point of fact, these data clearly show that that's not the case. And not only are trauma death rates higher, but death rates from all causes are much higher in all the rural areas. The death rates from trauma in this paper reiterate previous work from North Carolina and also underscore some of the studies that we've done in Kentucky which show that patients injured in rural counties have a higher death rate than those in urban counties. We've also done some work with Dr. Gene Shively, one of the members of this organization, in showing that by regionalizing care with a wheeland-spoke model, if you will, we think we've been able to significantly decrease at least trauma death rate in Kentucky. I believe the authors' conclusions are probably correct, but I'm not real sure that the study exactly proves this. I 
